Patient Subsets
Identifying patient subsets can direct therapy. We now recognize different clinical subsets, and different underlying mechanisms, that drive therapeutic considerations. For example, among the ventricular arrhythmias, post-MI PVCs are no longer an appropriate target for treatment. 13 Ventricular tachycardia arising in the normal heart, often on exercise stress and with distinctive electrocardiographic patterns, lends itself particularly well to ablation in the right ventricular outflow tract or the left posterior fascicle. 14 Rapid polymorphic VT arising without an antecedent pause and at very short coupling intervals, raises the suspicion of ongoing myocardial ischemia as an important contributor. 15 Patients with left ventricular scar due to remote MI frequently have sustained monomorphic VT that lends itself well to ablation. Sustained monomorphic VT arising in a patient with cardiomyopathy raises the possibility of bundle branch re-entry, an entity also treatable by ablation. 16 Similarly, recognition of multiple subsets of the congenital long QT syndromes (LQTS), with different underlying mutations, 17 may drive therapy in that disease. With the identification of specific disease genes has come an increasing understanding of the underlying pathophysiology. This understanding, in turn, has provided a firm rationale for the use of adrenergic therapies in most patients with the disease, but has raised the possibility that other therapies, such as sodium channel block, may also be appropriate for some subsets. 18 Further, genetic studies in LQTS are now identifying patients with minimal or no clinical manifestations at baseline 19 ; some of these patients present with Torsades de Pointes upon exposure to a QTprolonging drug. [20] [21] [22] [23] Another rare genetic disease that may confer risk upon exposure to exogenous stressors such as drugs or ischemia is the Brugada syndrome. This entity is characterized by a distinctive set of electrocardiographic (ECG) changes (right precordial J point elevation), and sudden death at night due to VF, primarily in young men. [24] [25] [26] In some patients the electrocardiographic pattern is permanent, whereas in others it is evanescent. The ECG pattern can be brought out in some patients by sodium channel blockers such as flecainide, procainamide or ajma-line, or by -blockade, and can be ameliorated by isoproterenol. 27, 28 Studies demonstrating that the ECG manifestations, and rapid re-entrant excitation, could be elicited by sodium channel block in an in vitro right ventricular preparation 29, 30 provided another crucial clue that led to identification of function-altering mutations in the sodium channel gene in some patients with the Brugada syndrome. 31 These in vitro studies also suggested that the manifestations of the syndrome would be exacerbated by myocardial ischemia. Thus, one could create a scenario wherein patients with mutations might not have any overt phenotype until exposed to an ischemic stress, when the likelihood of VF would be increased.
Another arrhythmia in which identifying patient subsets has begun to have an impact on therapeutic approaches is atrial fibrillation. One subset of patients that is useful to identify are those with predominant atrial flutter whose symptoms may be improved by ablation. Similarly, patients with very frequent episodes of paroxysmal atrial fibrillation, especially those that appear to have relatively organized (atrial tachycardia-like) activity at the initiation of the arrhythmia, may be candidates for ablation of foci of abnormal activity, often within the pulmonary veins. 32, 33 Placement of linear lesions within the atria to prevent perpetuation of re-entrant excitation that underlies atrial fibrillation can be accomplished surgically as the maze procedure, 34 and catheter-based approaches are under active investigation. Finally, a familial form of the arrhythmia has been described and the chromosomal locus has been assigned. 35 Although the specific gene, and the function-altering mutations in it, have not yet been identified, it seems likely that, as with LQTS and the Brugada syndrome, an understanding of underlying molecular mechanisms may have important implications for therapy not just for the familial entity, but also for the common acquired arrhythmia.
Partnership With Bioengineering
A partnership with the bioengineering community has advanced care for patients with arrhythmias. Two decades ago, 'device' therapy for cardiac arrhythmias was confined to relatively primitive (at least by today's standards) bradypacing devices. The development of implantable cardioverter/defibrillators (ICDs) has revolutionized care for patients with serious ventricular arrhythmias. Among those judged to be at very high risk of recurrent syncope or death due to VF (eg, those who have already been resuscitated from one cardiac arrest), placement of an ICD confers better survival than drug therapy. In the AVID trial, survival at 2 years in patients randomized to ICD therapy was 82%, whereas that in patients randomized to antiarrhythmic drugs (primarily amiodarone) was 75%. 36 However, in this and other trials (such as CIDS and CASH, which showed a nonsignificant trend to ICD benefit), there is an increased use of -blockers among patients randomized to device therapy (often to reduce shocks due to supraventricular arrhythmias), potentially confounding interpretation of the results.
Advances in device engineering have, almost paradoxically, raised further questions about which subset of patients are most appropriate for this therapy. Because the devices are becoming easier to implant (but perhaps correspondingly more difficult to manage because of their increasingly sophisticated programming capabilities), there may be a tendency for patients in other subsets judged, for one reason or another, to be at high risk for sudden death, to receive the devices. Whether such widespread use of an expensive therapy is justified in subsets at lower risk than those studied in AVID or similar trials requires further study.
Clinical Trials
Clinical practice is improved when driven by appropriately designed clinical trials. By the beginning of the 1980s, -blockade was becoming well established as an appropriate therapy for survivors of MI. The development of well-tolerated therapies that were highly effective in suppressing PVCs then allowed a test of the 'PVC hypothesis' in the CAST study. 13 The demonstration in CAST that flecainide, encainide, and moricizine actually increased mortality despite suppressing PVCs was important not only for further understanding arrhythmia mechanisms, but also for thinking about alternate pharmacologic and nonpharmacologic antiarrhythmic strategies. Trials of ICD therapy in high-risk secondary prevention (ie, in patients who have already presented with a sustained ventricular tachyarrhythmia event) demonstrate a benefit of ICDs, as outlined before. 36 A more vexing question is whether subsets of patients can be identified who might benefit from primary prevention (ie, prevention of a first sustained VT/VF event in a patient at risk). In the MADIT study, a benefit of ICD therapy over 'conventional' therapy was demonstrated, although the study was small and included a bias in favor of -blockers, as described earlier. 37 , 38 The recently completed MUSTT studied patients with coronary disease, depressed ejection fraction, and asymptomatic nonsustained VT. Patients then underwent electrophysiologic testing and those with inducible VT were then randomized to standard therapy or active antiarrhythmic therapy. The overall result was that survival was better in patients randomized to active therapy compared with those on conventional therapy, and unlike in other trials, there was actually less -blocker use in the active therapy arm. Importantly, the difference in survival was driven essentially exclusively by patients in the active treatment arm who received an ICD and, in fact, patients in the active treatment arm who received drugs (and no ICD) fared slightly worse than standard therapy patients (ie, those receiving no antiarrhythmic). Although it should be recognized that this very powerful result does not represent an analysis pre-planned by study design, nor was assignment to ICD or antiarrhythmic drug in any way randomized, it nevertheless provides further evidence that some subsets of patients who might benefit from ICD therapy in primary prevention could be identifiable. Ongoing trials are assessing this idea in cardiomyopathy. An issue in all these trials is power: as event rates become lower in the control arm, it becomes increasingly difficult to demonstrate benefit of any therapy unless very large numbers of patients (thousands, and in some cases tens of thousands) of patients are randomized. This is a daunting task in any trial, let alone one evaluating a complex device.
In atrial fibrillation, a finding of major importance from large clinical trials was the demonstration that anticoagulation with coumadin dramatically reduces the incidence of stroke. 39 This result has been reproduced in multiple trials and although there are some outstanding questions, such as the role of aspirin, the optimal target INR, or the treatment of the very elderly, the result nevertheless has widespread and important applicability to cardiovascular care. New drugs are in development for maintenance of sinus rhythm in atrial fibrillation. Because of the results of CAST, it seems likely that such development programs will need to include survival data in large numbers of patients randomized to drug or placebo. Indeed, the dextro-rotary isomer of sotalol was found to increase mortality in one such trial, the SWORD study. 40 Interestingly, dofetilide, a drug with very similar electrophysiologic properties to d-sotalol, was found to produce no change in mortality in patients with advanced heart failure or those with recent MI in the DIAMOND trial. The differences in outcome between DIAMOND and SWORD likely reflect differences in trial design, particularly titration to relatively high doses of dsotalol in SWORD versus a more conservative QT-limited (and in-hospital initiation) strategy in DIAMOND. ALIVE is a large mortality trial comparing placebo with azimilide, another drug under development for atrial fibrillation.
The National Heart, Lung, and Blood Institute is sponsoring AFFIRM, a very large (5,300 patients) trial comparing a rate control strategy with a rhythm control strategy in patients with atrial fibrillation. 41 The primary endpoint of this ongoing trial is death. Another interesting, recently completed study is the Canadian Trial of Atrial Fibrillation (CTAF). CTAF randomized 400 patients, half with paroxysmal atrial fibrillation and half with persistent atrial fibrillation (ie, patients with atrial fibrillation in whom sinus rhythm was restored by DC cardioversion). Patients were randomized to receive low dose amiodarone, or comparator therapy (sotalol or propafenone) one quarter sotalol, and one quarter propafenone. The primary endpoint was time to first recurrence of symptomatic atrial fibrillation (documented by transtelephonic monitoring). At the end of 1year, approximately 30% of patients randomized to amiodarone had reached the primary endpoint, whereas nearly 70% of those randomized to sotalol or propafenone had done so. The incidence of side effects was similar in the 2 groups, although there was a 2.5% incidence of pulmonary adverse effects in the amiodarone-treated group. Thus, studies such as CTAF, DIAMOND and AFFIRM, along with molecular studies, ablative approaches, and atrial defibrillators in selected patients, are likely to change therapeutic approaches to this most common and vexing arrhythmia.
Human Genome
A very important scientific advance of the early 21st century will be completion of the initial sequence of the human genome. This will provide a crucial set of reagents to scientists interested in understanding molecular mechanisms underlying variability in human physiology and its response to drugs. It therefore seems likely that this new tool, combined with evolving understanding of mechanisms, patient subsetting, and bioengineering, will continue to move the electrophysiology community forward to meet the challenge of providing rational and improved therapy for the treatment and prevention of cardiac arrhythmias.
